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中  文  摘  要 
多色组合软脉冲具有能同时激发多个感兴趣频点的优点，它不仅可以实现选
择激发，也可以实现激发相位的调制。多色组合脉冲与 Hadamard 编解码技术相




























































































The application of Hadamard and square wave modulation in 
Nuclear Magnetic Resonance  
Fenglian Gao 
ABSTRACT 
Soft polychromatic excitation pulse can be used to excite all desired frequency 
sites simultaneously. It can not only realize selective excitation, but also can modulate 
the phase of magnetization vector on the X-Y plane. With Hadamard technique, it can 
be applied in the fields of COSY, TOCSY and NOESY and so on. In the Hadamard 
technique, a large number of t1 increments is replaced by the order of Hadamard 
matrix, that is generally small. So the time for getting the 2D spectra is decreased 
efficiently. 
Hadamard technique and the design technique of the soft polychromatic 
excitation pulse is presented in detail in this paper. The NMR spectra application of 
the Hadamard technique also be summarized. Applying the defect being in the 
proposed pulse sequences, the new pulse sequences were designed. The works are 
summarized as follows: 
1. In this article, the design procedure for the composite pulse is introduced in 
detail, and the Hadamard technique application in one dimensional, two dimensional 
and multidimensional NMR spectra are also introduced. The Hadamard technique is 
presented at the same time. Compared with the conventional methods, Hadamard 
technique has its advantage. 
2. Getting high-resolution 2D COSY in inhomogeneous field generally needs 
long acquire time, so the method for fast high-definition is attractive for NMR 
researchers. With Hadamard technique, a new pulse sequence was presented by our 
group to obtain 2D fast high-resolution COSY spectrum in inhomogeneous field.     
3. In the ZEBRA pulse sequence proposed by Branca and his coworkers, a series 
of adiabatic inversion pulses was used, in which there would be more serious 
diffusion and attenuation. Instead of a series of adiabatically inversed pulses proposed 














applied to create square wave DDF. The square wave DDF was applied to in vivo 
MRI for the first time. Compared to the ZEBRA sequence, the new pulse sequence 
more efficiently improve the signal to noise. 
 
Keywords: Nuclear magnetic resonance; Square wave modulation; Hadamard; 





















究，拉比于 1994 年获得诺贝尔物理学奖。1946 年，美国斯坦福大学的 Felix Bloch
教授和哈佛大学的 Edward Mills Purcell 教授各自用不同的方法成功观测到量子
数不为零的核自旋系统产生的核磁共振(Nuclear Magnetic Resonance，简称 NMR)











NMR 自发现之后，在接下来的 50 年时间里得到了飞速的发展和多方面的应
用，其应用已深入到社会生活的各个方面，比如确定生物大分子结构，分析化合
物成分和基团，探测人体内部结构等。研究 NMR 技术和拓宽 NMR 应用领域一
直是 NMR 领域研究者的目标。 

















到 18 特斯拉(Tesla, T)的超导磁体已经有商业应用。第二是脉冲傅里叶变换(Pulse 
Fourier Transformation, PFT)的应用[5]。在 FT-NMR 中，全部的共振谱线可以在一
次激发后得到，很大地提高了信号的灵敏度和分辨率，其中多维 NMR，尤其是






1.1.2 核磁共振现象[7, 8] 
原子是由原子核及位于其周围轨道上的电子构成的，电子带有负电荷。原子
核是由质子和中子组成的，质子带正电荷，中子不带电荷，因此原子核带正电。
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